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A spinning neutron star (NS) that is asymmetric with respect to its spin axis can emit continuous gravitational
wave (GW) signals. The spin frequencies and their distribution of radio MSPs and accreting MSPs provide
some evidences of GW radiation, and MSPs are ideal probes detecting high frequency GW signals. It is gener-
ally thought that millisecond pulsars (MSPs) originate from the recycled process, in which the NS accretes the
material and angular momentum from the donor star. The accreted matter would be confined at the polar cap
zone by an equatorial belt of compressed magnetic field fixed in the deep crust of the NS, and yields ”magnetic
mountain”. Based on an assumption that the spin-down rates of the transitional pulsar PSR J1023+0038 and
three redbacks are the combinational contribution of the accretion torque, the propeller torque, and the GW
radiation torque, in this work we attempt to constrain the ellipticities of MSPs with observed spin-down rates.
Assuming some canonical parameters of neutron stars, the ellipticities of three transitional MSPs and ten red-
backs are estimated to be ǫ = (0.9 − 23.4) × 10−9. The electrical resistivities of three transitional MSPs are also
derived to be in the range η = (1.2−15.3)×10−31 s, which display an ideal power law relation with the accretion
rate. The characteristic strains (hc = (0.6 − 2.5) × 10
−27) of GW signals emitting by these sources are obviously
beyond the sensitivity scope of the aLIGO. We expect that the third-generation GW detectors like the Einstein
Telescope can seize the GW signals from these sources in the future.
PACS numbers:
I. INTRODUCTION
The detections of gravitational wave (GW) mark the start
of a new era of multimessenger astrophysics. So far, aLIGO
had detected a number of GW events including the merg-
ers of double black holes and double neutron stars (NSs)
[1, 2]. Comparing with catastrophic mergers of compact ob-
jects, continuous high frequency GW signals would provide
many valuable information on the evolution of the stars. Mil-
lisecond pulsars with an ellipticity should emit high frequency
GW signals. The typical ellipticity that LIGO and VIRGO
could detect continuous GWs would be ǫ < 2 × 10−5 [3–5].
A spinning NS that is asymmetric with respect to its spin
axis can also radiate continuous GWs signals. In principle,
GW radiation would result in a spin-down of NSs. In ob-
servation, the lack of submillisecond pulsars may stem from
the spin-down of GW radiation [6, 7]. At present, the known
fastest-spinningmillisecond pulsar (MSP) PSR J1748-2446ad
has a spin period of 1.396 ms, corresponding to a spin fre-
quency of 716 Hz [8]. For spin frequencies on the order of
700 Hz or more 1, the spin-down torque producing by the
GW emission can be sufficiently strong to balance the accre-
tion torque, resulting in a critical frequency like PSR J1748-
2446ad [10, 11]. The 13 known accreting X-ray millisecond
pulsars (AXMSPs) possess an average spin period of 3.3 ms,
whereas that of recycled radio MSPs is 5.5 ms [12]. The pro-
peller torques during the Roche-lobe decoupling phase could
interpret this apparent difference in spin period distributions
between AXMSPs and radio MSPs [13]. The spin frequen-
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1 The magnetosphere with a minimum magnetic field of 108 G may also be
responsible for the lack of NSs with spin frequency larger than 700 Hz [9].
cies of weakly magnetic (≪ 1011 G) accreting NSs are within
a narrow range of 250 - 350 Hz. These spin similarities can
easily explained by the GW radiation, which produces a spin-
down rate with a strong spin frequency-dependence (see also
the below Eq. 13) [14]. The statistical analysis of the spin
distributions shows that the accreting MSPs can be divided
into two subpopulations, a slow population with a mean spin
frequency of 300 Hz and a broad spread, and a fast one with
an average spin frequency of 575 Hz [15]. The spin frequen-
cies of the fast population are within a very narrow range of
frequencies (30 Hz), and the two subpopulations are sepa-
rated at a frequency cut-point of 540 Hz. Various accretion
torque models can not naturally account for the existence of
a fast subpopulation. The GW radiation could play an im-
portant role in producing the observed spin distributions of
accreting MSPs, especially explaining the narrow frequency
range of the fast subpopulation and the frequency cut-point
[15]. Therefore, the spin frequencies and their distribution of
radio MSPs and accreting MSPs provide some evidences of
GW radiation, and MSPs are ideal probes detecting high fre-
quency GW signals. Apart from the spin frequencies and the
distances, the characteristic strains of emitting GW depend
on the ellipticity of NSs. However, it is very difficult to con-
strain the ellipticity of NSs due to various uncertainties. For
radio pulsars, the uncertainty of magnetic fields yield the un-
certainty of magnetic dipole radiation. In accreting NSs, it
is also impossible to untangle the contribution of GW radia-
tion due to a high spin-up rate resulting from a high accretion
rate. Transitional MSPs that undergo occasional transitions
between radio pulsar and X-ray pulsar states provide an ideal
opportunity to constrain the GW torque.
At present, three transitional MSPs including PSR
J1023+0038 [16–18], XSS J12270−4859 [19, 20], and IGR
J18245−2452 [21] were confirmed . In the radio pulsar state,
three sources were observed to be spinning down [21–23]. Es-
2pecially, timing of the radio pulsations in the high mode of the
X-ray pulsar state of J1023 presented a precise measurement
on the spin-down rate as ν˙ = −2.399×10−15Hz s−1 [22]. Dur-
ing the X-ray pulsar state, J1023 was detected the accretion
powered pulsations [24], which was accompanied by a spin-
down rate ν˙ = −3.041 × 10−15 Hz s−1 [25]. This spin-down
rate is approximately 30% higher than that in the radio pulsar
state.
It was suggested that the increase in spin-down rate during
the X-ray pulsar state originates from GW emission, which is
due to the creation of a mountain during the accretion [26].
However, magnetic mountains relax resistively on a relatively
long diffusive timescale ∼ 108 yr after accretion ceases [27].
J1023 should already experienced an accretion process before
it evolve into radio MSPs, so it is still controversial whether
the GW radiation can produce such a difference of spin-down
rate between radio pulsar state and X-ray pulsar state. In the
active state, J1023 shows a high state and a low state of X-
ray, which were thought to be a rapid transition between the
propeller phase and the radio pulsar phase [28]. Recently, a
work argued that radio pulsar state and X-ray pulsar state cor-
respond to the strong propeller with a low X-ray luminosity
and the weak propeller with a high X-ray luminosity powered
by accretion onto the NS, and the slightly increase of the mag-
netic torque causes an enhancement of spin-down rate [29].
In this work, an alternative model is proposed to interpret
the difference of spin-down rate between radio pulsar state
and X-ray pulsar state of J1023. The GW radiation torque
would be always exerted on the NS in both states, while a
strong propeller torque during the X-ray pulsar state results in
an excess spin-down rate. Meanwhile, we attempt to constrain
the ellipticities of MSPs with an observed X-ray luminosity
and a spin-down rate. The paper is organized as follows. We
describe different torques model in Section 2. The model will
be applied for three transitional MSPs and twelve redbacks
with spin-down rates in Section 3. Finally, we make brief
summary and discussion in Section 4.
II. TORQUES MODEL
In a low-mass X-ray binary, the NS would obtain the angu-
lar momentum from the accreted material, and is spun up to a
millisecond period. The accretion torque exerted on the NS is
as follow
Tac = M˙acc
√
GMrm, (1)
where G is the gravitational constant, M˙acc is the accretion
rate, M is the NS mass. In Eq. (1), the magnetospheric radius
rm is
rm = 1.1 × 10
7M˙
−2/7
13
M
−1/7
1.4
µ
4/7
26
cm, (2)
where M˙13 = M˙/10
13 g s−1 is the mass inflow rate in the ac-
cretion disk, M1.4 = M/1.4 M⊙, µ26 = µ/10
26 Gcm3 is the
magnetic dipole moment of the NS. If the accretion efficiency
of the NS is δ, we have M˙acc = δM˙. Numerically, the spin-up
rate yielding by the accretion torque can be written as
ν˙ac = 7.2 × 10
−17δM˙
6/7
13
M
3/7
1.4
I−145 µ
2/7
26
Hz s−1, (3)
where I45 = I/10
45 g cm2 is the moment of inertia of the NS.
If the magnetospheric radius is greater than the corotation
radius (at which the Keplerian angular velocity equals the spin
angular velocity of the NS)
rco =
3
√
GMP2
4π2
= 1.7 × 106M
1/3
1.4
P
2/3
−3
cm, (4)
the NS enters the so-called propeller phase, where P−3 is the
spin period of the NS in units of 1 ms. The propeller torque is
given by [30]
Tpr = −
2π(1 − δ)M˙r2m
P
, (5)
which offers a spin-down rate as
ν˙pr = −1.2 × 10
−15(1 − δ)M˙
3/7
13
M
−2/7
1.4
I−145 µ
8/7
26
P−1−3 Hz s
−1. (6)
If the magnetospheric radius is greater than the light cylin-
der radius
rlc =
cP
2π
= 4.8 × 106P−3 cm, (7)
the NS will be visible as a radio pulsar, which could radiate
strong radio emission by the magnetic dipole radiation. The
torque providing by the magnetic dipole radiation is
Tmd =
16π3µ2sin2α
3c3P3
, (8)
where α is the inclination angle between the magnetic axis
and the spin axis of the NS. Taking α = π/2, the maximum
spin-down rate by the magnetic dipole radiation can be written
as
ν˙md = −9.7 × 10
−15I−145 µ
2
26P
−3
−3 Hz s
−1. (9)
The magnetohydrodynamic (MHD) simulation [33] show
that the accreted matter is confined at the polar cap zone by an
equatorial belt of compressed magnetic field fixed in the deep
crust [see, e.g. 31, 32]. The corresponding ”magnetic moun-
tain” gives rise to a quadrupole moment, and the ellipticity
can be written as [33–35]
ǫMHD
2 × 10−7
=
△M
Mc
(
1 +
△M
Mc
)−1
, (10)
where Mc ≈ 2× 10
−5 M⊙, △M is the accreted mass of the NS.
Considering △M ≫ Mc, hence ǫMHD ≈ 2 × 10
−7.
In principle, magnetic mountains relax resistively on a dif-
fusive timescale after accretion ceases [27]. For an accret-
ing millisecond pulsar, the equilibrium between the diffusion
timescale and the accretion timescale leads to the establish-
ment of a steady state, in which the influx of accreted mate-
rial equals the efflux of by the Ohmic diffusion. Therefore,
3TABLE I: Some main observed parameters for three transitional mil-
lisecond pulsars.
Sources P ν˙obs LX References
(ms) (10−15 Hz s−1) (1033erg s−1)
PSR J1023+0038 1.688 −3.041 3.0 [24, 25]
XSS J12270-4859 1.686 −3.9 4.2 [36, 37]
IGR J18245-2452 3.932 < 0.013 1000 [21]
the saturation ellipticity of the accreting millisecond pulsar is
[32, 35]
ǫ = min
{
ǫMHD, 5.1 × 10
−9
(
1.3 × 10−27 s
η
)
M˙acc
M˙Edd
}
, (11)
where η is the electrical resistivity, M˙Edd = 1.0×10
18M1.4 g s
−1
is the Eddington accretion rate.
Considering the gravitational radiation of the NS with an
ellipticity ǫ, the torque receiving by the NS is
Tgr = −
1024π5GI2ǫ2
5c5P5
, (12)
where c is the light velocity in vacuum. The spin-down rate
producing by the gravitational radiation can be expressed as
ν˙gr = −2.7 × 10
−14I45ǫ
2
−9P
−5
−3 Hz s
−1, (13)
where ǫ−9 = ǫ/10
−9.
If the NS is at the propeller phase, the total torque includes
the accretion torque, the propeller torque, and the gravitational
radiation torque. Therefore, its spin-down rate is
ν˙ = ν˙ac + ν˙pr + ν˙gr. (14)
The first term on the right hand side of Eq. (14) is positive,
while the other two terms are negative. However, the spin-
down rate of the NS radiating radio emission is given by
ν˙ = ν˙md + ν˙gr, (15)
and both terms on the right hand side of Eq. (15) are neg-
ative. Comparing Eqs. (9) and (13), the gravitational ra-
diation would dominate the spin evolution of the MSP with
a spin period less than 1.7 ms for some typical parameters
I45 = µ26 = ǫ−9 = 1.
Figure 1 illustrates the relation between the spin-up rate (or
spin-down rate) producing by different torques and the mass
inflow rate in the accretion disk. For an accreting millisecond
pulsar with spin period of 2 ms, the accretion torque dominate
the spin evolution when M˙ ≥ 2 × 1015 g s−1. The propeller
torque is dominant for a mass inflow rate in the range of 3 ×
1014−2×1015 g s−1. When the mass inflow rate declines to be
lower than 3 × 1014 g s−1, the gravitational radiation torque of
the NS with an ellipticity of 10−9 becomes the strongest one.
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FIG. 1: Relation between the spin-up rate (or spin-down rate) of
MSPs and the mass inflow rate in the accretion disk. In this figure,
we take M1.4 = I45 = µ26 = ǫ−9 = 1, and P−3 = 2. The solid, dashed,
and dotted lines represent the the spin-up rate (or spin-down rate) of
the accretion torque, the propeller torque, and the gravitational radi-
ation torque, respecitvely.
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FIG. 2: Electrical resistivity as a function of accretion rate (in units
of Eddington accretion rate) for three transitional MSPs. The solid
stars represent three sources, and the solid line denotes a power-law
fit to the calculated results.
III. APPLICATION FOR MILLISECOND PULSARS
A. Transitional MSPs
In this subsection, torques model are applied to three transi-
tional MSPs. According to the X-ray luminosity, the accretion
4TABLE II: Some derived parameters for three transitional millisecond pulsars.
Sources M˙acc M˙13 rm rco rlc ν˙ac ν˙pr ν˙gr ǫ η
(1013 g s−1) (106 cm) (106 cm) (106 cm) (10−16 Hz s−1) (10−15 Hz s−1) (10−15 Hz s−1) (10−9) (10−31 s)
J1023 1.62 10 5.7 2.4 8.1 0.83 −1.6 −1.52 0.9 1.2
J12270 2.27 14 5.2 2.4 8.1 1.1 −1.85 −2.16 1.0 1.4
J18245 540 540 1.8 4.2 18.9 158 0 −15.79 23.4 15.3
rate of the NS is given by
M˙acc =
LXR
GM
= 5.4 × 1012
(
LX
1033 erg s−1
)
R6M
−1
1.4 g s
−1, (16)
where R = R610
6 cm is the radius of the NS. If such an accre-
tion rate equals the mass inflow rate in the disk, Eqs. (2) and
(4) indicate rm > rco for J1023 and J12270, i. e. these two
sources should be in the propeller phase (J18245 is in the ac-
cretion phase, hence δ = 1.0). We now estimate the accretion
efficiency in the propeller phase. Taking I45 = µ26 = 1, and
α = π/4 [16], ν˙md ≈ −1.0 × 10
−15 Hz s−1 for J1023 during the
radio pulsar state. In the X-ray pulsar, the excess spin-down
rate during the X-ray pulsar originates from the difference be-
tween the propeller torque and magnetic dipole torque (the
accretion torque is ignored), so ν˙pr ≈ −1.64 × 10
−15 Hz s−1.
According to Eq. (6), the accretion efficiency of J1023 can
be estimate to be δ = 0.16. Normally, the NS only accretes
a fraction δ = 0.01 − 0.05 of the inflow mass in the accretion
disk during the propeller phase [49–51]. However, 3D MHD
simulations indicated that the accretion efficiencies during the
propeller phase are in the range of 0.13 - 0.49 for a similar
spin period [52]. Therefore, J1023 may provide an evidence
of high accretion efficiency during the propeller phase. We
then assume that J12270 also possesses a same accretion effi-
ciency δ = 0.16. During the propeller phase, the mass inflow
rate in the accretion disk is calculated by
M˙ =
M˙acc
δ
. (17)
Table I summarizes some main observed parameter for
three transitional MSPs including the spin period, the fre-
quency derivative, the X-ray luminosity. Taking M1.4 = R6 =
I45 = µ26 = 1, we can obtain ν˙ac and ν˙pr. Eq. (14) yields
ν˙gr, and then the ellipticity and electrical resistivity are de-
rived from Eqs. (13) and (11), respectively. All derived pa-
rameters are presented in Table II. The ellipticities of three
sources are estimated to be in the range (0.9 − 23.4) × 10−9,
and the electrical resistivities are derived to be in the range
of (1.2 − 15.3) × 10−31 s. The observed data of J18245 orig-
inated from the duration of X-ray outburst. Such an anoma-
lously high ellipticity is most likely related to high accretion
rate during X-ray outburst. According to Eq. (2), a high
mass inflow rate will result in a small magnetospheric radius.
The X-ray spectrum features of J18245 including the broad
emission line observed at an energy compatible with the Fe
Kα transition (6.4-6.97 keV) confirmed that it is an accretion-
powered MSPs [21]. Figure 2 plots the relation between the
electrical resistivity and the accretion rate. Although the sam-
ples are rare, a relatively ideal power law fit emerges. The
electrical resistivity η = 10−28.83±0.01(M˙acc/M˙Edd)
0.433±0.003 s.
When M˙acc/M˙Edd = 10
−5, η = 10−31.00±0.03 s, which is
in good agreement with the minimum electrical resistivity
ηmin = 10
−30.5±5.0 s for transient accreting millisecond pulsars
[53].
Certainly, our estimation for the ellipticities of three transi-
tional MSPs should have some uncertainties, which arise from
the magnetic dipole moment µ and the accretion efficiency δ.
For J18245, according to ν˙obs ≪ ν˙ac and ν˙pr = 0, we have
ν˙gr ≈ ν˙ac. Since the spin-down rate producing by the accre-
tion is not sensitive to µ (ν˙ac ∝ µ
2/7
26
) and δ = 1, the esti-
mation for the ellipticity of J18245 is relatively reliable. For
J1023, ν˙obs = −2.4 × 10
−15 Hz s−1 in the radio phase, imply-
ing a maximum spin-down rate of magnetic dipole radiation
ν˙md = −2.4 × 10
−15 Hz s−1, which can be used to derive a
maximummagnetic dipole moment µ26 ≈ 1.55 when α = π/4.
Such a magnetic dipole moment would enhance ν˙pr by a factor
of 1.65. Therefore, ν˙gr = 0.48×10
−15 Hz s−1 for J1023, which
yields an ellipticity of ǫ = 0.5 × 10−9. For J12270, accord-
ing to Eq. (6) ν˙pr ∝
1−δ
δ3/7
, so ν˙pr|δ=0.05 = 1.86ν˙pr|δ=0.16. When
δ = 0.05, ν˙gr = 0.57 × 10
−15 Hz s−1 for J12270, which also
yields an ellipticity of ǫ = 0.5×10−9. Therefore, the influence
of the uncertainties of the magnetic dipole moment µ and the
accretion efficiency δ on the ellipticity is not obvious because
of the weak-dependence of the ellipticity for ν˙gr (ǫ ∝ ν˙
1/2
gr ).
Considering these uncertainties, the ideal power law relation
between the electrical resistivity and the accretion rate would
slightly alter, while this change is not great due to a logarith-
mic coordinate.
B. Redbacks
Redbacks are a subpopulation of eclipsing MSPs with rel-
atively more massive companions (∼ 0.2 − 0.4 M⊙) and or-
bital periods less than 1 day. The regular radio eclipses imply
a low-density, highly ionized gas cloud enclosing the com-
panions. These eclipsing material may arise from the com-
panion winds evaporating by the high-energy particles from
MSPs [54, 55]. At present, several models including disrupted
magnetic braking [56], irradiation-induced cyclic mass trans-
fer [57], accretion-induced collapse [58], and thermal and vis-
cous instability in the accretion disks [59] were proposed to
account for the formation of redbacks. Actually, some prop-
erties of transitional MSPs in the rotation-powered state are
similar with redbacks. Once the mass inflow rates of these
redbacks slightly increase, they will appear as candidates of
transitional MSPs [29].
5TABLE III: Constraints on the ellipticity of twelve redbacks with observed spin-down rates
Sources ν ν˙ d ν˙md ν˙gr ǫ−9 hc References
(Hz) (10−15 Hz s−1) (kpc) (10−16 Hz s−1) (10−15 Hz s−1) (10−27)
PSR J1048+2339 214.35 −1.38 2.0 −0.96 −1.28 10.25 1.0 [38]
PSR J1227-4853 592.99 −3.9 1.61 −20.23 −1.88 0.97 0.9 [36]
PSR J1431-4715 497.03 −3.486 1.56 −11.91 −2.29 1.67 1.1 [39]
PSR J1622-0315 260.05 −0.784 1.14 −1.71 −0.61 4.37 1.1 [40]
PSR J1723-2837 538.87 −2.19 0.93 −15.18 −0.67 0.74 1.0 [41]
PSR J1740-5340A 273.95 −12.6 2.2 −1.99 −12.40 17.25 2.5 [42, 43]
PSR J1748-2021D 74.10 −3.22 8.24 −0.04 −3.22 230.91 0.6 [44]
PSR J1816+4510 313.17 −4.227 4.36 −2.98 −3.93 6.95 0.7 [45]
PSR J1906+0055 358.48 −0.427 4.48 −4.47 − − − [46]
PSR J1957+2516 252.42 −1.748 2.66 −1.56 −1.59 7.59 0.8 [46]
PSR J2215+5135 383.2 −4.9 2.77 −5.46 −4.35 4.42 1.0 [47]
PSR J2339-0533 346.71 −1.695 1.1 −4.04 −1.29 3.09 1.4 [48]
Although Roche-lobe overflow in redbacks may occur, the
transferring matter is ejected by the radiation pressure at the
inner Lagrangian point during the radio-ejection phase of
MSPs [60]. Because of no mass accretion, hence redbacks
with observed spin-down rates provide an opportunity to con-
strain the ellipticity. Table III lists the observed the spin fre-
quency, the spin frequency derivative, and the distance of
twelve redbacks 2. Assuming that I45 = µ26 = 1, and magnetic
inclination angle α = π/2, we can obtain ν˙md from Eq. (9).
Subsequently, Eq. (15) yields ν˙gr. Finally, the ellipticity can
be derived from Eq. (13). For PSR J1906+0055, its frequency
derivative by the magnetic dipole radiation with µ26 = 1 and
α = π/2 exceeds the observed value. This result probably
cause by an overestimation of magnetic field or magnetic in-
clination angle. The ellipticities of other ten sources are con-
strain to be ǫ = (0.74− 17.25)× 10−9. The calculated elliptic-
ity (ǫ = 2.3 × 10−7) of PSR J1748-2021D is obviously higher
than other redbacks. This ellipticity is still in the reasonable
scope (ǫ ≈ 2.0 × 10−7) of MHD simulation (see also Eq. 10).
However, the magnetic field of PSR J1748-2021Dwith a spin
period of 13.5 ms is most likely underestimated because it was
not completely recycled. It is worth note that ν˙gr of both PSR
J1740-5340A and PSR J1748-2021D are 2-3 orders of mag-
nitude higher than ν˙md. Even if PSR J1748-2021D possess
a relatively strong magnetic field B = 4 × 109 G, µ26 = 20,
so ν˙md = −1.6 × 10
−15 Hz s−1. Comparing with the observed
spin-down rate, it still requires an excess angular momentum
loss mechanism such as GW radiation. Therefore, both PSR
J1740-5340Aand PSR J1748-2021Dare important candidates
detecting high frequency GW signals.
Our calculated ellipticities of redbacks also exist uncertain-
ties, which originate from the uncertainties of the magnetic
dipole moment of NSs. If µ26 = 2, the spin-down rate by
the magnetic dipole radiation would increase by a factor of
four due to ν˙ ∝ µ2
26
. As a result, three sources including PSR
J1227-4853, PSR J1431-4715, and PSR J1723-2837 would
2 Some data come from Australia Telescope National Facility Pulsar Catalog
[61].
not require the GW radiation to account for the observed spin-
down rate. If µ26 = 3, other three sources including PSR
J1622-0315, PSR J2215+5135, and PSR J2339-0533 would
also be ruled out the possibility of GW radiation. Adopting a
relatively strong magnetic dipole moment µ26 = 3, the ellip-
ticities of PSR J1048+2339, PSR J1740-5340A, PSR J1748-
2021D, PSR J1816+4510, and PSR J1957+2516 can be esti-
mated to be ǫ−9 = 6.5, 16.1, 229.8, 4.4, and 3.5, respectively.
Comparing with Table III, the ellipticities of these five sources
are not strongly affected by the magnetic dipole moment.
C. Detectability of GW signals
The characteristic strain of GW emitting by a NS can be
written as [62]
hc ≈ 1.05 × 10
−27ǫ−9I45
( νgw
1000 Hz
)2 (1 kpc
d
)
, (18)
where νgw = 2/P is the GW frequency, d is the distance of the
source. The luminosity of GW radiation
Lgw =
2048π6GI2ǫ2
5c5P6
≈ 1.1 × 1036ǫ2−9I
2
45P
−6
−3 erg s
−1, (19)
so the timescale of GW radiation is
tgw ≈ 5.7 × 10
8ǫ−2−9 I
−1
45 P
4
−3 years. (20)
Therefore, for some typical parameters ǫ−9 = I45 = P−3 = 1,
the detectability of GW signals emitting by the MSPs would
sustain an enough long timescale.
Adopting the results of Table II, the characteristic strains
of GW signals from J1023, J12770, and J18245 are 1.0, 0.8,
and 1.2 × 10−27 (we adopt a minimum distance of 1.8 kpc for
J12770, see also [63]). GW signals of eleven redbacks also
show a similar tendency, the characteristic strains are in the
range of (0.6− 2.5)× 10−27 (see also Table III). These signals
are obviously lower than the strain sensitivity of the aLIGO
that can detect the GW signals. However, they are not be-
yond the sensitivity scope of third-generation GW detectors
6like the Einstein Telescope. Assuming an observation time of
5 yr, the minimum ellipticity that is detectable by the Einstein
Telescope at 90% confidence level is about ǫ ≈ 10−9 for a
GW frequency of νgw ∼ 1000 Hz [64]. Even if we adopt a
relatively strong magnetic dipole moment µ26 = 3, the char-
acteristic strains of GW signals from PSR J1048+2339, PSR
J1740-5340A,PSR J1748-2021D,PSR J1816+4510, and PSR
J1957+2516 are in the range of (0.4− 2.3)× 10−27, which are
still in the strain sensitivity of the third-generation GW detec-
tors like the Einstein Telescope.
IV. CONCLUSION AND DISCUSSIONS
Three transitional MSPs and twelve redbacks were reported
to be spinning down, and the spin-down rate of J1023 during
X-ray pulsar state is faster than that in radio pulsar state. In
this work, we propose that the ”magnetic mountain” induced
by the accretion can cause the GW radiation, and the excess
spin-down rate of J1023 during the accretion originates from
the difference between the propeller torque and the magnetic
dipole radiation torque. To account for the observation of
J1023, the accretion efficiency δ = 0.16 in the propeller phase.
Assuming that two transitional MSPs possess a same accre-
tion efficiency in the propeller phase (J18245 is in the accre-
tion phase), and taking M1.4 = R6 = I45 = µ26 = 1, the elliptic-
ities of three sources are estimated to be ǫ = (0.9−23.4)×10−9.
Meanwhile, the ellipticities of ten sources in twelve redbacks
with observed spin-down rates are also constrained to be
ǫ ≈ (0.7−17.3)×10−9. Our constraints are in good agreement
with the minimum ellipticity of 10−9 for MSPs given by [65].
These ellipticities are also nice within the scope constraining
by possible equations of state of NS [66, 67].
Based on the saturation ellipticity given by [35], the elec-
trical resistivities of three transitional MSPs are derived to
be η = (1.2 − 15.3) × 10−31 s. There exist a nicely power
law relation between the electrical resistivity and the accre-
tion rate η = 10−28.83±0.01(M˙acc/M˙Edd)
0.433±0.003 s. This power
law relation is consistent with the minimum electrical resis-
tivity (η = 10−28±4(M˙acc/M˙Edd)
0.5±0.2 s) for transient accreting
MSPs [53].
Although the torques model is successful in explaining the
difference of spin-down rates between X-ray pulsar state and
radio pulsar state of J1023. However, the torques model
strongly depend on the magnetic dipole moment, and the ac-
cretion efficiency, hence our constraints on the ellipticity of
MSPs contain some uncertainties. In three transitional MSPs,
the influence of magnetic dipole moment for J18245 can be
neglected, while an inferred maximum µ would yield an ellip-
ticity of 0.5 × 10−9 for J1023, and a relatively low accretion
efficiency δ = 0.05 also produce an ellipticity of 0.5 × 10−9
for J12270. Furthermore, the ellipticities of five sources in
twelve redbacks decrease by a maximum factor of 2 even if
a strong magnetic dipole moment µ26 = 3 is adopted. There-
fore, our estimations for the ellipticities remain marginal reli-
ability. As a result, there exist a possibility that these sources
can be detected by the third-generation GW detectors like the
Einstein Telescope. In particular, two redbacks PSR J1740-
5340A and PSR J1748-2021D are important candidates de-
tecting high frequency GW signals.
There exist three promising observational checks whether
the additional spin-down rate during the X-ray pulsar state
of J1023 arises from the propeller torque. First, the excess
spin-down rate should sharply vanish when the accretingMSP
move to radio pulsar state. On the contrary, it would disap-
pear on a specific timescale if it results from the GW radiation
[26]. Second, the characteristic strains of GW signals emitting
in the X-ray pulsar and the radio pulsar states should have an
approximately same strength. Third, the measured braking in-
dex during the radio pulsar state should be 3 < n < 5 because
the braking torques are combination between magnetic dipole
radiation and GW radiation [68], like PSR J1640-4631 [69].
The detection of GW for the accreting MSPs is very signif-
icant. The angular momentum loss rate by the GW radiation
can be derived according to the measurement of GW ampli-
tude and frequency, and then the accretion torque of the disk
can be also inferred [70]. Therefore, the detection of GW
would provide an important constraint on the accretion disk
model and the magnetic field of the MSP. However, the GW
signals emitting by MSPs with an ellipticity of 10−9 can not
be detected by the aLIGO.We expect that the third-generation
GW detectors like the Einstein Telescope can seize the GW
signals of some accreting MSPs in the future.
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